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Dear Ms. Salas:

On behalf of my client QUALCOMM Incorporated ("QUALCOMM?"), this is to report
that on August 31, 2000, representatives of QUALCOMM met with Chairman William E.
Kennard, Thomas Sugrue, Chief of the Wireless Telecommunications Bureau, and Clint Odom,
Legal Advisor to Chairman Kennard; Mark Schneider, Senior Legal Advisor to Commissioner
Ness; Bryan Tramont, Legal Advisor to Commissioner Furchtgott-Roth; and Peter Tenhula,
Legal Advisor to Commissioner Powell. In these meetings, QUALCOMM distributed the
attached materials, including the document entitled ""Summary," which summarizes
QUALCOMM’s presentation. QUALCOMM’s representatives were Dr. Irwin Jacobs, CEO;
Steve Poizner, Presdient, Snap Track, Inc., a subsidiary of QUALCOMM; Ellen Kirk, Vice
President, Strategic Planning and Marketing, Snap Track; Jonas Neihardt, Vice President,
Federal Affairs, and myself (only Ms. Kirk, Mr. Neihardt, and myself attended the meeting with

Mr. Tenhula).

In sum, QUALCOMM explained in these meetings that there are reasonable alternatives
to the grant of the waiver of the Commission’s rules advocated by VoiceStream Wireless
("VoiceStream"), a large, well funded international wireless carrier, and the Commission should
deny VoiceStream any waiver at this time. As set forth herein, there are two compliant
alternative technologies available to GSM carriers for which standards have been issued by TIA
and ETSI. In fact, equipment for one of these compliant technologies, Time of Arrival ("TOA")
is being offered commercially by Omnipoint Technologies, Inc. ("Omnipoint Technologies"),
which until recently was a subsidiary of VoiceStream. As a result, the Commission should deny
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a waiver to VoiceStream because VoiceStream, which has not even filed a waiver request with
the Commission, has not met its burden of showing the lack of a reasonable alternative to grant
of a waiver.

Moreover, QUALCOMM also pointed out the gross deficiencies in the data submitted by
VoiceStream to justify the waiver. As explained herein, the data simply does not address the
performance of E-OTD, the technology VoiceStream is promising it will use, in the areas that
most need E9-1-1 service, including highways, rural areas, and crowded urban centers. The data
is unreliable and clearly insufficient on its face. The data reflects no attempt to comply with
OET’s own guidlines for testing and verifying the accuracy of wireless location systems. The
data is obviously selected to avoid showing how the technology will perform in anything but the
most ideal setting. Without any indication as to the performance of E-OTD in anything but the
most ideal setting possible, a suburban/commercial area that presented no multi-path problems
and that was perfectly suited for good base station visibility and geometry, the Commission has
no basis for reaching any conclusions as to how this technology will perform in general and thus
as to whether it is in the public interest to grant a waiver of the accuracy rules. The Commission
should not waive the accuracy rules, which are designed based on public safety’s requirements as
to what is necessary to protect lives, so that VoiceStream can use this inadequately tested
technology.

At minimum, before the Commission could make any public interest determination
regarding, much less grant, a waiver to VoiceStream, the Commission would have to require
VoiceStream, like all Commission licensees, to file a waiver request with complete, not selective,
data showing the performance of E-OTD across a representative range of its service areas from
which 9-1-1 calls could be expected. And, consistent with Commission rules (47 C.F.R. §1.925
(b)(3)), VoiceStream would have to specify the precise terms of the waiver sought, pleading with
particularity the facts and circumstances which warrant the waiver (including a showing that the
underlying purpose of the accuracy rule would not be served or would be frustrated by
application of the rule to VoiceStream, or in view of unique or unusual factual circumstances of
the instant case application of the accuracy rule to VoiceStream would be inequitable, unduly
burdensome or contrary to the public interest, or VoiceStream has no reasonable alternative). As
QUALCOMM explained in the meetings, and as summarized herein, VoiceStream has not made
the necessary showing at this juncture to permit the Commission to grant a waiver.

I. VoiceStream Has Reasonable Alternatives to a Waiver

GSM carriers, such as VoiceStream, have available three alternative positioning
mechanisms standardized by TIA and ETSI: Time of Arrival ("TOA"), global positioning system
("GPS"), and E-OTD. TOA is an uplink-based network technology. As the attached materials
demonstrate, equipment for TOA is being offered commercially by Omnipoint Technologies,
which was originally a wholly-owned subsidiary of Omnipoint Communications and became a
wholly-owned subsidiary of VoiceStream until its recent sale in June 2000 to Xircom.
VoiceStream has a seat on Xircom’s board and the two companies have an alliance.
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According to the attached materials, Omnipoint Technologies is working with Ericsson
on a TOA product line. Moreover, the attached materials from Omnipoint Technologies’ web
site as of yesterday state that Omnipoint Technologies, which says that it has been involved in
wireless network design and integration for more than a decade, including some of the
pioneering GSM installations in North America, offers a location measurement unit for GSM
systems, its TOA solution, "the first multiple location technology to be standardized for GSM
networks." Omnipoint Technologies states that its location measurement unit based on TOA
"meets all the demands of Phase 2 of the FCC’s regulatory requirements for implementation by
October 2001."

VoiceStream cannot show that it lacks an alternative to a waiver. VoiceStream’s ex parte
filings in this proceeding do not reflect any discussion of TOA, which was the first positioning
mechanism to be standardized for GSM.! Its own former subsidiary is offering commercially a
compliant technology to GSM carriers such as VoiceStream. Given that VoiceStream owned
Omnipoint Technologies until June 2000, VoiceStream certainly could have adopted Omnipoint
Technologies’ solution and had equipment commercially available in time to meet the FCC’s
October 2001 deadline, as Omnipoint Technologies states. On this basis alone, the Commission
should deny any waiver to VoiceStream.

In addition, as QUALCOMM has already demonstrated in this proceeding, VoiceStream
has another reasonable alternative to a waiver: GPS-enabled handsets. QUALCOMM’s wireless-
assisted GPS technology has been licensed by its Snap Track division to Texas Instruments and
Motorola, which make the vast majority of chips for GSM carriers. Ericsson licensed GPS
technology from SiRF Technology ("SiRF") more than two years ago and has been actively
developing integrated GPS and wireless technology for more than three years, as evidenced by
Ericsson’s filing of its first patent application related to the integration of GPS and wireless
technology in September 1997.2 VoiceStream’s claim that its handset manufacturers cannot

ITOA was standardized by TIA in January 2000 and by ETSI in April 17, 2000.

2As shown in QUALCOMM’s prior ex parte filings, Nokia invested $3 million in SiRF ,
and Ericsson publicly announced that it had selected SiRF’s technology to develop a GPS
solution. While Nokia and Ericsson have attempted to deny that they have had access to GPS
technology for a substantial period of time, the facts are that Ericsson applied for two patents in
1997 related to the integration of GPS and wireless technology, and Ericsson licensed SiRF’s
technology in 1998. Patent Nos. 6041222, Granted 3/21/00, Applied for 9/8/97; and Patent No.
6097974, Granted 8/1/00, Applied for 12/12/97. Motorola has complained about changes to
Snap Track’s technology, but the fact is that Motorola has had a full and fair opportunity to
develop chipsets based on Snap Track’s intellectual property. The inescapable conclusion is that
Motorola, Nokia, and Ericsson could have developed chipsets based on GPS technology, but
have chosen not to do so because they license, but do not own, the technology, and they do not
wish to pay royalties to the licensors. That is an understandable self-serving business strategy,
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deliver handsets incorporating GPS technology in the volumes and timeframes mandated by the
Commission begs the question, since VoiceStream also cannot implement E-OTD with the
accuracy mandated by the Commission’s rules in the time frames mandated by the Commission.?
VoiceStream has not placed orders with handset manufacturers for the GPS technology.
VoiceStream has chosen not to implement this compliant technology. Instead, it wants a waiver
to implement a much less accurate technology for a full two years. Without VoiceStream placing
an order for handsets, from VoiceStream, the Commission cannot make any reliable conclusion
as to the timeframes and volumes in which handset manufacturers could deliver GPS-enabled
handsets to VoiceStream.

Indeed, contrary to the claims of Nokia, Motorola, and Ericsson ("NME") in this
proceeding, QUALCOMM’s solution has been extensively tested by GSM carriers in Europe,
and at least one major European carrier is working with a handset vendor to roll out handsets
within the FCC’s time frames for volume shipments. NME have noted that the handsets used in
the European tests were prototypes provided by Motorola and were not integrated. The eleven
European carriers who participated in the tests would have used whatever handsets Motorola
provided. Motorola chose not to integrate the GPS technology into the handsets, which is not
surprising, since no GSM carrier has yet placed a handset order with Motorola, since they have b
been no handsets available for test. Motorola’s choice not to provide an integrated handset on its
own for the test is no basis for the Commission to conclude that such integration is not possible
if GSM carriers order integrated handsets as a consequence of the Commission refusing to waive
its rules or to offer innovative, differentiated services to their subscribers.

The fact is that the European tests showed that QUALCOMM’s technology works on
GSM systems and would meet the FCC’s accuracy rules. If a carrier such as VoiceStream placed
an order for handsets in substantial volumes, QUALCOMM has no doubt that the necessary
integration could be completed, and the handsets brought to market. Until orders are placed, the
handsets undoubtedly will not be available; but if orders were placed, surely some handset
manufacturers, possibly NME or more aggressive manufacturers, would strive to satisfy those
orders in the interests of building or maintaining customer relationships. Without such orders,
NME’s draconian, speculative predictions as to time requirements can carry little credence.

but it is no basis upon which to make public policy, especially policy related to public safety.

3Motorola’s complaint that the gpsOne solution for CDMA carriers in QUALCOMM’s
MSM3300 chipset is not present in QUALCOMM’s next generation chipset is equally baseless.
The gpsOne solution will be available in QUALCOMM’s MSM5100 chipset, which will support
the next generation CDMA standard, cdma2000. Thus, QUALCOMM'’s solution will
incorporate the functionality of next generation handsets, and these solutions will be available to
the public if and only if the Commission keeps the current accuracy rules in place so that carriers
implement compliant solutions rather than seek waivers to offset the competitive advantage that
VoiceStream will gain through grant of a waiver.
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Thus, VoiceStream’s statement that GPS handsets cannot be delivered in the volumes and
the timeframes required by the FCC is unsupported, conclusory, and no substitute for a detailed
showing that this alternative is truly unavailable. GPS technology is compliant, technologically
available, and it could be commercially available, as it may be in Europe and elsewhere, if
VoiceStream chooses to implement it and if VoiceStream placed real firm orders with handset
manufacturers for it, insisting upon delivery as soon as possible.

II. VoiceStream’s Test Data Is Unreliable and Insufficient

Three sets of data on tests of E-OTD technology have been filed by Aerial and
VoiceStream to justify a waiver of the Commission’s accuracy rules. This data is clearly
insufficient to draw any valid conclusion about the performance of E-OTD on a nationwide
basis, has purposely been selected to avoid presenting the performance of E-OTD in anything
other than the most ideal conditions, and does not constitute a legitimate basis upon which to
grant a waiver to VoiceStream.

The first test was conducted in August 1999. At that time, the Commission’s accuracy
rule for a network solution called for accuracy of 125 meters 67% of the time. Accordingly, the
test showed accuracy of better than 98 meters 67% of the time and accuracy of better than 125
meters 83% of the time, all over 9,000 fixes. This test was conducted in a 150 square kilometer
area (a circle with a less than 5 mile radius) in Cambridge, England. This area tends to be very
flat, with buildings that rise only 2-3 stories, with little multipath, creating an environment very
favorable for cell site visibility. Three measurement sets at 15 second intervals were used for
averaging, and thus each fix required 45 seconds. Three sets were required to improve single set
accuracy by 60%. This test was not in anything close to real world, challenging conditions, and
even so the test gives the Commission no indication that VoiceStream can achieve the 50 meter
accuracy it promises to achieve in 2003 in the hope of winning its waiver.

The second test was conducted in conditions even more ideal to obtain a superficially
appealing, but unrepresentative result. This test was taken in the absolute middle of a triangle
comprised of three base stations plus an additional location measurement unit, also in
Cambridge, England with its very favorable topography. Moreover, only 300 fixes were taken in
a 4.2 square kilometer area (equivalent to a circle with a 3/4 mile radius. (By contrast, the tests
conducted by the eight carrier Snap Track CDMA Test Group in Tampa, Florida comprised more
than 9,000 cold start, single point fixes in twenty different environments with different signal
characteristics.) In the second E-OTD test, five two-minute measurement sets were taken, so
each fix required ten minutes to achieve. This was not a real-world test. Only by using these
highly favorable, contrived conditions was accuracy of better than 50 meters 69% of the time
achieved. Again, the Commission cannot draw any conclusion about the ability of VoiceStream
to locate wireless 9-1-1 callers throughout the United States, with the speed PSAPs require on
the basis of this test data.




Finally, most recently, VoiceStream submitted its Houston test data. This test was
conducted in a 23 square kilometer area (equivalent to a circle with a 1.7 mile radius. A
topographic map of the test area shows it to be virtually flat, with mostly single story buildings
and little possibility of multipath. VoiceStream’s summary of its ex parte meeting about the test
data with Chairman Kennard’s staff states that the data was collected in real time, but it does not
state how long each fix took to accomplish. Only by limiting the test to these highly favorable
conditions and limiting the number of fixes to 500, as opposed to the Snap Track test with 9000
fixes in 20 different environments, VoiceStream was able to achieve accuracy of better than 56
meters 67% of the time and better than 150 meters 99% of the time. This test is inherently
unreliable because the conditions were purposely limited to those best suited to E-OTD
performance; the number of fixes was so limited; and, the time necessary to achieve the fixes was
not disclosed.

Over and above the foregoing factors which make these tests unreliable and biased, the
tests make no attempt to comply with OET’s "Guidelines for Testing and Verifying the Accuracy
of Wireless E911 Location Systems," published on April 12, 2000. Those guidelines state that
testing of areas "to include the same geographic sub-area in two more or test areas" which is
relatively undemanding for location technology" are "unacceptable." The guidelines also provide
that location systems are to operate effectively in conditions where 911 calls are made, such as
from within vehicles at highway speeds. VoiceStream and Aerial have not submitted any test of
an E-OTD system in a moving vehicle. Finally, the guidelines require that a sufficient number of
observations be included to establish compliance with the FCC accuracy requirements with a
statistical confidence of 90 percent. But, the VoiceStream/Aerial tests all required extended
periods of time for the fixes, and there has been no showing that the small number of fixes that
purport to demonstrate that E-OTD can achieve 50 meter accuracy constitute anything close to a
sufficient number for the Commission to have a statistical confidence of 90 percent. The test
data before the Commission is biased, unreliable, and not close to a sufficient basis to grant a
waiver to VoiceStream.

II1I. Conclusion

This purpose of this proceeding is supposed to be to bring about enhanced 911 service so
that users of wireless phones will be able to receive substantially the same level of protection
from public safety entities that users of landline phones now enjoy. A grant of a waiver to
VoiceStream, a large, well funded international carrier, will undermine the accuracy rules that
the Commission has put in place for this purpose and will lead to rampant delay as other carriers
rightfully seek to level the playing field by obtaining similar waivers, rather than implementing
solutions that comply with the Commission’s rules. For this reason, and all of the other reasons
advanced by QUALCOMM in the meetings, in its prior filings, and in this letter, QUALCOMM
urges the Commission to deny VoiceStream a waiver or, at minimum, to issue its reconsideration

order now without any grant of the VoiceStream waiver and to require VoiceStream to file a
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waiver request in compliance with the Commission’s procedural rules, including complete test
data demonstrating the performance of its preferred technology in all settings and the lack of a
reasonable alternative in more than a conclusory fashion.

Sincerely yours,

S~

Dean R. Brenner
Attorney for QUALCOMM Incorporated

cc: Chairman William E. Kennard
Thomas Sugrue, Esq.
Clint Odom, Esq.
Mark Schneider, Esq.
Bryan Tramont, Esq.
Peter Tenhula, Esq.
James Schlicting, Esq.
Kris Monteith, Esq.
Blaise Scinto, Esq.
Dan Grosh, Esq.
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Summary

* A Waiver Will Delay Phase Il Implementation
Granting the VoiceStream waiver will jeopardize
negotiations between manufacturers and operators for
all air interfaces, as operators will seek similar
relaxation of the Commission’s rule.

* VoiceStream'’s Situation Is Not Unique E-OTD, or its
architectural equivalent, can be deployed on a number
of air interfaces besides GSM, and compliant location
technologies are available for GSM.

* Public Safety Will Be Disserved by Diminished
Accuracy Relaxation of the accuracy requirement by a
factor of two will result in an increase in the necessary
search area by a factor of four.




QUALCOMMW A Waiver Will Delay
Phase Il Implementation

e

* Negotiations between manufacturers and operators
for the development and delivery of compliant E9-1-1
Phase Il solutions are underway

— Those negotiations will likely break off if the VoiceStream
waiver is granted, as operators will seek similar treatment

— The upcoming 10/1/00 filing date is a logical time for
operators to indicate they wish to pursue the “VoiceStream

conditions”

* Giving a single, nationwide carrier a lower-cost “easy
out” of the FCC’s rules will skew the competitive
playing field

— Other operators will behave rationally to level the field

— All operators will call into question the Commission’s
resolution to maintain the mandate for all (any) operators



QUALCOMW VoiceStream s
Situation is Not Umque

* Architecturally, E-OTD and AFLT (the technology
Sprint is being denied) are identical
— A VoiceStream waiver will provide a perfect roadmap and

considerable incentive for CDMA operators to pursue AFLT
and delay the introduction of high precision handset

technology
 The FCC will have no legal basis for denying waivers
under identical conditions to any operator if the
proposed waiver is granted to VoiceStream

— While E-OTD may not be usable for some air interfaces, the
technology certainly is not unique to GSM

— Motorola has developed and tested an E-OTD system for the
IDEN air interface (Nextel)



QUALCO

YFLT - E-OTD COmparzson

* Both techniques rely on the handset contactlng three
adjacent base stations, and time stamping the signals
as they are received.

* Both systems then use the time stamp data to
calculate the distance of the handset from the three
observed base stations and determine the handset’s
location through triangulation.

* Operationally, there is no difference between these
two techniques. If the FCC allows one operator to
use E-OTD, there is no justification to deny a different
operator’s use of AFLT.



E-OTD & AFLT
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GSM Has
Compliant Alternatives

@um.cozqu

* A network solution (Uplink Time of Arrival) was the
first location technology to be standardized by North
American GSM

— This technology is being offered by Omnipoint Technologies,
a subsidiary of VoiceStream until earlier this summer
* Wireless assisted GPS has been demonstrated to
perform with high accuracy across a full range of
operating environments on GSM networks

— This technology has been broadly licensed for use in GSM
handsets

— Several European carriers are proceeding towards
commercialization of wireless assisted GPS



QUALCOMMW Diminished Accuracy
Disserves Public Safety

 The Commission itself requires handset-based
solutions to be held to a higher accuracy standard to
help locate callers more quickly and assist PSAPs in
handling 9-1-1 calls more efficiently’

— The 500-1000 meter “safety net” proposed by VoiceStream
has been described by APCO as “not useful” for public
safety for actually locating distress victims.

— The practical impact of quadrupling (100 meter v. 50 meter
accuracy) the search space is significant

 The net effect of the VoiceStream waiver will be to
halt real progress on compliant E9-1-1 Phase |l
solutions

"Third Report and Order



Weather

Today: fog early, partly
sunny. High 80. Low 70.

Wednesday: Partly sunuy.

humid. High 88. Low 72.
Details, Page B8
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Cell Phone,
Cool Heads

Save Woman

Arlington Case Highlights
Difficulty of Tracing Calls

By PaTricia Davis
Washington Post Staff Writer

Almost immediately after taking her 911
call, James Keaton sensed that the woman on
the other end of the line was in trouble, but
she couldn't say why. She wasn’t answering
his questions directly, and she was chatting
on the wireless phone like he was a friend.

“Where are you?” Keaton asked. “What's
the problem?” Her answers made Kealon, a
911 call-taker with 21 years on the job in Ar-
lington, realize that she wasn't in a position
to talk. He changed his tactics—asking sim-
ple yes-or-no questions—and soon deter-
mined that she had been forced into a vehicle
against her will.

The woman somehow kept her composure
and was able to convey landmarks flashing by
her without her abductors realizing.

Within seven minutes—as the woman
laced her conversation with “Columbia
Pike,” “7-Eleven,” “Star something” and oth-
er guideposts—Keaton, who grew up in
Northern Virginia, was able to pinpoint the
location of the 1993 Mazda MPV and send
police cruisers racing to her rescue early Sun-
day.

“You're doing really well, just keep the line
open,” Keaton, 42, said. “I know where you
are.”

Steve Souder, administrator of Arlington’s
Emergency Communications Center, yester-
day credited the composure of the woman,
who had been raped by her abductors, as well
as Keaton’s skill for the safe conclusion.

The incident, he said, illustrates a growing
trend in law enforcement: More and more
911 emeroencv calls are coming from wire-

Turspay, AUGU%T 29 2000

== Inability to Trace Cellular Calls
Hinders Arlington’s 911 Rescue

PHONE, From Al

less phones. The Federal Commu-
nications Commission said that up
to 40 percent of all 911 calls now
are made from wireless phones.
But with the new trend comes a
problem: Souder said police should
have been able to pinpoint the loca-
tion of the victim'’s call instantly,
just as they can with conventional
phones.

“There is technology being de-
veloped,” Souder said. “We're just
not getting it fast enough.”

Souder said he expects the num-
ber of 911 calls from wireless
phones to continue to rise, which
will mean more calls coming from
unknown locations. A system that
allowed police to know where a call
is coming from would have also
helped a 24-year-old woman who
used her cell phone to call police—-
from the trunk of her car—after she
was abducted by a carjacker earlier
this year in Arlington, he said.

Sunday's abduction occurred
early in the morning in the District
after the victim, a 29-year-old An-
nandale woman, took a friend home
from a dance club, said Lt. John
Crawford, an Alexandria police

. spokesinan. A man she had met

there called her on her cell phone
and asked her location. Soon after,
the man and a friend pulled up to
14th Street and New York Avenue
in a maroon van and forced her in-
side, he said.

The men drove her to a home be-
ing renovated in the 1400 block of
Juliana Place in Alexandria, where

they sexually assaulted her be-
tween b and 7 a.m.. Crawford said.
She was then forced back into the
van.

Police are uncertain why her ab-
ductors allowed her to use her
phone, but the victim pretended to
call a friend when she really dialed
911.

That call was answered hy Al-
exandria police. “We began to coor-
dinate where she was, and then
there was a connection problem
and they lost the 911 caller,” Craw-
ford said. “We alerted Arlington
County.”

As the van headed into Arling-
ton, the woman managed to place
another 911 call, at 7:04 a.m.

Keaton answered. When he real-
ized there was something wrong,
he began asking the yes-or-no ques-
tions.

“Is it blue?” Keaton asked about
the van.

“No,” she answered.

“Is it red?” he said.

“Sort of,” she replied.

When the woman said the van
had pulled into a 7-Eleven and that
there was a store necatby, “Star
something,” Keaton knew where
she was, He sent Arlington police
to the 1100 block of South George
Mason Drive.

Alexandria police later charged
Juan Cueva, 27, of the 450 block of
North Armistead Street in Alex-
andria, and Remberto Martinez-
Chavez, 25, of the 400 block of
South Wakefield Street in Arling-
ton, with rape. They were being
held yesterday without bond in the

Washington post

Alexandria jail.

“She kept a clear head and was
very, very helpful,” Souder said.
“She was very composed. But the
tears flowed when it was over.”

Souder said the problein of wire-
less phone location will grow as
more and more callers use the tech-
nology. About 86 million people
now have cellular service, industry
SUrVeys say.

Travis Larson, spokesman for
the Cellular Telecommunications
Industry Association, said the in-
dustry is working hard to create the
hardware so 911 communication
centers can identify the location ol
a wireless call. The FCC has set a
deadline for fall 2001, he said.

“We're working feverishly to
meet the upcoming deadline,” he
said. “The technology is not in
place yet. We're only one-third of
the equation.”

An FCC official acknowledged
yesterday that developing a system
that will track a wireless phone call
requizes coordination among many
entities, including carriers, manu
facturers and public safety agen-
cies.

“We recognize this is quite com-
plex technology,” the official said.

But on Sunday, it was old-fash-
ioned police work that caught the
suspects. Keaton, who teaches at
the police academy, said he just did
what he tells his students to do.

“I teach people to listen to what
is not being said,” Keaton said.
“Her choice of words was very
good. 1 could tell that she couldn’t
talk to me.”
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Technical Specification

Digital cellular telecommunications system (Phase 2+);
Location Services (LCS);

(Functional description) - Stage 2

(GSM 03.71 version 7.3.0 Release 1998)

S

GLOBAL SYSTEM,
MOBILE COMMUNIC




(3SM 03.71 version 7.3.0 Release 1998) 2 ETSI TS 101 724 V7.3.0 (2000-02)

Reference
RTS/SMG-030371Q7R2

Keywords

Digital cellular telecommunications system,
Global System for Mobile communications
(GSM), GSM, LCS

ETSI

Postal address
F-06921 Sophia Antipolis Cedex - FRANCE

Office address

650 Route des Lucioles - Sophia Antipolis
Valbonne - FRANCE
Tel.: +334 9294 42 00 Fax: +33 4 93 65 47 16

Siret N° 348 623 562 00017 - NAF 742 C
Association & but non lucratif enregistrée a la
Sous-Préfecture de Grasse (06) N° 7803/88

Internet

secretariat@etsi.fr
Individual copies of this ETS! deliverable
can be downloaded from
http://www etsi.org
If you find errors in the present document, send your
comment to: editor@etsi.fr

Important notice

This ETSI deliverable may be made available in more than one electronic version or in print. In any case of existing or
perceived difference in contents between such versions, the reference version is the Portable Document Format (PDF).
In case of dispute, the reference shall be the printing on ETSI printers of the PDF version kept on a specific network
drive within ETSI Secretariat.

Copyright Notification

No part may be reproduced except as authorized by written permission.
The copyright and the foregoing restriction extend to reproduction in all media.

© European Telecommunications Standards Institute 2000.
All rights reserved.




(3SM 03.71 version 7.3.0 Release 1998) 3 ETSI TS 101 724 v7.3.0 (2000-02)

Contents

Intellectual Property RIZNLS ..ottt ettt em et ese s st sanne e e 8
FOTEWOR ..ottt et et r e e e v e ea e e s ee e e e ee et e eaeeeeesrseasssaseanserasanseseneesmeeneennrns 8
1 SCOPE . ettt sttt ettt et e b e teenb et e eaeeeeteneeatane et ente s easene et eete et eatsereetanae e 9
2 REFEIEICES. ....eiiee ittt ettt e ee e ee e e eeaeas et eeesesssessaeaseansensessssassasassensensens 9
3 Definitions, abbreviations and SYMBOIS.........cc.coiviiiiiniiiiiiiiieees e ste s esreeressesrearesreos 10
3.1 DEIINIEIONS ...vviviniitrtiicc ettt sttt etes s s e b eras bt et asees e assessasan s aa et esenentnsebabassasetesasasbabene 10
32 ADDIEVIALIONS .. ...t ettt et ettt e et et ee e se b b e st s et e es et e e tes s eabetenenn 11
33 SYIIDOIS .ottt e e ettt ae b v e s e e e s e enteseente st s ebeesseeteenaeabseanseteeanentaeaeeres 12
4 MBI COMOEPES ... ettt ettt eate et st e e te e e st setesas s aressrtabesstssesstsaebessaeesresstesrseraentes 12
4.1 AASSUITIPLIONIS ..ottt e et eac et et e s e taee e e ereeseseatssssesessatessresesasenasensesnsesesnsenssossensensssntenssatesarssanensesseons 12
42 Timing AdVance (TA).....cc oottt ettt ea et e e ee st e e s eseses et s s st s eneneasasesetenesennanen 13
4.3 Time of Arrival (TOA) positioning MECHAMISIN ............ccocuiiuiciiiiiiiiiei et see e eeeesee e tess s esteansaeaseenenn 13
44 Enhanced Observed Time Difference (E-OTD) positioning mechanism.................occvuveervrrereeevereenrescnininsennns 13
4.5 Global Positioning System (GPS) positioning Mechanism................cccoeieieiiiieicccrrccese e 13
5 General LTS architBCtUIE .....cco.oeeiieiie ettt st e e te et e teeaneeabesseesanaeassssennses 13
5.1 LCS access interfaces and referénce POINLS .........c.ccooveiiiciiiciiiceiieiectie sttt as s ereeestessrnesseeessreeaneeresesene 13
52 LCS FURCHONAL dIATAM .....c.eiuiiriiiiriie ittt et te st eaeceeseeseeveeteebsbessassssassenseseasansnantsbessnseasensasnanes 14
53 LICS CLIENT ..ottt ettt et et s e e b s b e st s be b et et b e e b e et st et b e e st enen 15
5.3.1 LCS COMPONENL ...c..oetiiiiitiinie e ccnttetet et e st e s e st e st te et e teeseeteseneeseantearseseeeseessassesserseaseasnteseestaessantesssessrses 15
5.3.1.1 Location Client FUNCHON (LCF) c.oooiiiiiiiiiiie et e sv et vssatsevsetae e e esesaneeseenres 15
54 LUCS SEIVET ...ttt ettt et s e s te st et e s eneetesaesae s ansas e eseare st et esestessestentenasaeenearestneatererenatans 15
5.4.1 Client handling COMPONENIT ..........ciiiiiiiiiiccrcieree ettt es e et esber e e e e s saesneresessesenenas 15
54.1.1 Location Client Control Function (LCCEF) ..ottt ene e easeve s 15
54.12 Location Client Authorization Function (LCAF) ..o ercrtcctceccccse s e 15
54.12.1 ACCESS SUDTUNCHION. ..ottt te e e b e s e s et e an e e e et e aesatesmseseesennnan 15
5.4.1.22 Subscription SUDRUNCHON ......c..iiiiirriciticie et esenaneneses e saobenesasanenan 15
542 System handling COMPONENT .........cooiiiiiiiiireceeee ettt eeete st sres e sas e sa st ean e 16
54.2.1 LMU Mobility Management Function (LMMF) ..........cocoiiiiiiiienceic s 16
5422 Location System Control Functionn (LSCEF) ......c.o..ooiiiiieee e 16
5423 Location System Billing Function (LSBF) .........ccooiiiiiiiiiiiiiicetieee et ceeeeneeseees 16
5424 Location Client Coordinate Transformation Function (LCCTF)......cccooiviiinerenerneniinecreeeneesneeeens 16
5425 Location System Operations Function (LSOF) .......ccoiiiiiiiiie et s 16
5426 Location System Broadcast Function {LSBCF) .....c.oouiiiiiriiiee et e 17
543 SubSscriber COMPONENT ......c.cooii ettt see e e sas st e s eer e s s ebe b e sne et e esean s besnens 17
5.4.3.1 Location Subscriber Authorization Function (LSAF) .........coeviiiiiniiiiiineeietieeccieee s 17
5432 Location Subscriber Privacy Function (LSPF) ...t 17
544 POSItIONING COMPODENL.....ciiiiiiiiiiiiiiii ettt et b s st reb s b et st an e nens 17
544.1 Positioning Radio Coordination Function (PRCF) ......cco...coviiiini e 17
5442 Positioning Radio Assistance Function (PRAF)........cccooiniiirmininivieeciiesrsrsncen 17
5443 Positioning Calculation Function (PCF) ...ttt 17
5444 Positioning Signal Measurement Function (PSMF) ...t e 17
5.5 Information Flows between Client and SEIVET..........ccoiiiiiiiririininieriee sttt esans 17
5.5.1 Location SErvice REQUESE........c.ovuimiiiriiciiiictiss et es s ess st s e s e b s e b s as et bessnaes 18
552 LOCation SErvice RESPONSE .........ocuiiicucmiicireieintiee ettt se et es s eeeae s sms et s bee e asssessassas et emasenesan s 18
5.6 LOGICAl BICRITECIUNE ........oeuivteiieci ettt e er s s ers s e e eran e esereneeaseneene 18
5.6.1 B S e ettt ettt n ettt r et ee et en st e v e e ee et as s eneenen 19
562 LCS CENL ...ttt ettt e s s s s ee s e e en s eneasses et eseesenerenenenneaen 19
563 GMLC ..ttt et e e r s er s s e r s 19
5.6.4 SMLC oot e et ettt ettt er et eee et s eaeteeeeeseeaser s senaneaen 19
5.6.5 LS et ettt ee et e b e s s et et e et e e et e e e esaseemreennens 20
5.6.6 LMU ettt e et s s et e e e es s et e e et es s s s ene e sse s e s 20
5.6.7 M e e s e b sttt s e e s s e se oo 21
5.6.8 HLR et ettt et ee et seee e tee e st s s e n e 21




(GSM 03.71 version 7.3.0 Release 1998) 4 ETSI TS 101 724 v7.3.0 (2000-02)

56.9 BSIMSCF L et r et et e s te s e s s et s es e e s e e te s s ese s enesasesaeannesnseneantesns 21
5.6.10 LMU and SMLC aSSOCIAtION. .....covioiiiiiiiit sttt ettt st tns et sttt ne e e aenseaene s 21
5.7 Embedded ArchiteCtUIe .......co.eiiiiiiii ittt et nse et e neserenens 22
5.8 Assignment of functions to general logical architeCture ................cooi oo 23
6 Signalling Protocols and INerfaces ... e 23
6.1 Generic Signalling Model for LTS ..ot ee ettt etene e 23
6.1.1 ProtOCOL IAYETING ....voveie ettt ettt ettt a et et eeee e sbeasebateennnnis 23
6.1.2 MeSSAZE SEEMENUALION ........eiverritiii ettt ettt ettt es et e et enses et e et eanssesnsserenssens 24
6.1.2.1 Intermediate Level SEZMENtAtION ........ocoomiiiiiiiiiicieceeecee ettt ee s e eas 24
6.1.2.2 Network Level SEZMEntation .........c.cocoiiiiiiiiiiiiciiiccese ettt e et ettt et ene e beees 25
6.2 Signalling between an SMLC, MSC and BSC..........ooooiiiioieeeee ettt ettt reteeeeerer s seaaresere s ans 25
6.3 SMLC Signaling t0 @ TATZEt MS ......oiiiiiii ettt ettt et ettt e se et s st b e tesrensnbe e 26
6.4 SMLC Signalling to @ TyPe A LIMU ...ttt sttt st ee et sa e eteemeeteseeseenens 26
6.4.1 Signalling using an SDCCH ......c..c.ocii et ee ettt ae st eae et s s eesrereeea 26
642 Signalling usiNg @ TCH ..o st s s s st eee b 27
6.5 SMLC signaling to a Type B LIMU ....cooiiiiiiiiiirii ettt ea et an s e et erennenns 28
6.6 SMLC Signalling t0 @ Peer SMLC ......cc.iiciiiiiiiiiiiie et ett et e e ee et e et e s eee e teeeeeeeeesaeersesssnteansanes 29
7 General Network Location ProCedUIES.........cccoiiiiiiiiiiiiiiie e esemeeae e st ae e tsersesseennas 31
7.1 State Description for the GMLC .........o.cc ettt n e st eb s s st tene 31
7.1.1 GIMLC SHALES ..o eiieieeiirtreeie e s ree et e rae et e st ee it esseteseteeebessteseresesntesaesosssese st s eassbasessensesnnesansesssessnsenssons 31
7.1.1.1 INULL SHAEE.....ooiii ettt e e e et ee e e s ana e e s aeaessnesaneeanrasraeassanassensee senasnrennsen 31
7.112 INTERROGATION SEALE.....cooiieiiiiit ettt sttt ste e te st st st be st st ss et ene s e s re e e neemeesees 31
7.1.1.3 LOCATION SHALE......coimiieiii ittt sttt ettt te st ebeses s st e s esestesaesestesae st e saanbesteananaesesaneseseenaans 31
7.1.2 State FUNCHONAIEY ....c..cotiietit ettt be b sve e s e e e e bssae et e ess e sesbeasssessasseseeassrasearassns 31
7.1.2.1 StAtE TTANSILIONS ...coviiteeiiiie ittt ettt ettt et e et e te et esa et e s anss e taassessensesmtaraessensnensaasseseentennansarnnn 31
7122 INTERROGATION Timer FUNCHON ......cooiiiiiiiiiciccce ettt ae e e b st see e s 32
7.1.23 LOCATION Timer FUNCHOMN .....o.eccciiiiiiniiticcice e esrets et e te s v aesessesbestabaassesaasetnennensesmsesnassaes 32
7.2 State Description for the VIMSC ..ottt e e et ere et ee s ese b emetesen 32
7.2.1 VIMISC SLALES ..c.eiveririicceite ettt ettt ea e s et e st esseeee et e e e mseam e eaemeeaeeaeeameareeaseeaeseanseeeenbenaeetenne 32
7.2.1.1 IDLE SEAE ......oioiieireeeit sttt et e et e s bbb sae b e sasaes s e be b e s asasbe e e s s ebeabasearsaeanabaneereesaesenanane 32
7.2.1.2 LOCATION SLALE ....oouiieiici ettt ee e ettestbeesae s es e sneeseeesseesraaessanssesssassssssnseesseensnsesementnrsseeans 32
722 State FUNCHOMANIEY ....c.ooeieieieiii ittt sttt e see e seesbe e b s atab e e bt et e e sueeotranenanen 33
7.2.2.1 StAte TIANSILIONS ....c.eiverirreieiiec ettt et et b e et n e e st sasrmense e s e enesensreneres 33
7222 LOCATION Timer FUNCHON ......oioiiiiiiiiii ettt ceae e e e e e ee e e se s e e st e ne s ambneesee s s e e re e reeanee 33
73 State Description for the BSC ...ttt et et sbesn e st et see e s 33
7.3.1 BSC SLALES ...ecurevee ettt et ettt s et e st ss st bR e s SR bR RS b e be b a RS e e s b 33
7.3.1.1 IDLE SEALE ....coveiritimiteerirer ettt sttt ettt e s et et eresebebe s besas e s e sas b e s et ar e s n e sr e e s b e e e en e e e e reen 33
7.3.1.2 LOCATION SEALE .....ciiieieeie sttt te et rte st e ee et e eee s s eseemten e st ssesmtesesmesasteb e st s ameeseesn e s esasesaneraenis 34
73.2 State FUNCHONALIEY .......coociiiiiiiiii ettt et et et nsneses e e besnsnn 34
7.3.2.1 SLALE TIANSILIONS -.oeiiieeeiie e ettt e rtee s ettt a b e e sae e e e be e bt e be e sanesasesesemesenesemsncaannenasssnssarssesnnas 34
7322 LOCATION Timer FUNCHOMN ....c.vecuiiiiiieece ettt esmse st esesssesasa e ssns s esms et s sre e 34
7.4 State Description for the SMLC ...ttt sttt sassbs et s saser s seeaneaea 35
7.4.1 SIMLC SEALES ..evrveeirercrirrieeierceteeterr e sttt e st esrre s abasasseessasanseatesaberasteesesasesases s esaresanessnesestaesresentssobssabassns 35
7.4.1.1 NULL SHALE.......eiieiiieiiie ettt ettt ettt e e st eb v e e e e seeeeeonrare s e e seeeeaserareseaberesesentubasnsssababeessinss 35
7412 LOCATION SEALE ...ttt ee st e e e e e s et neeesre e same s nesemcoat s sas e bme s aeasat s s bisanseen b e et ensnes 35
742 State FUNCHIONAIIEY .....couiiiiiieiierciieees ettt re e ee e e s erae e st e e et e s s smnesentsesanesan s esnessasnnetesanaessnntesabaneinn 35
74.2.1 SALE TTAISILIONS ..euviveeieeireeereieeiert ettt rereeeette e eteeeateessseebeenbe s saeebeeeesesaesesaresaneeamancanaresassansnsssnssees 35
74.2.2 LOCATION Timer FUNCHON ....ccoiiciiiiiiiiienirrteictie et ceveeseerecoeenenre s emessaseasssase s ssbsssinesbsemsssnseeses 36
7.5 Usage of SCCP Connections on the Ls and Lb interfaces .............cocoverernnnnnninciccenre s 36
7.5.1 SCCP connection for positioning 0f @ tAIZEL MS ............couvvvvveeiviereesse e tsessssssesssassssnes 36
7.52 SCCP connection t0 access @ tyPe A LMU .....c.c.ooiiiiiiieiieceeee et es e e s s evee e naes 37
7.6 General Network Positioning PrOCEAUTES ..........ccoouiiimiuieiiceccceeieees e e e ves s eeeseesees 37
7.6.1 Mobile Terminating Location Request (MT-LR).............cooovivouiriieeeiieiieeeeereceeeser e eresses s seeeeeene 38
7.6.1.1 Location Preparation PTOCEAUTE. ...........ccoviiiiriuieieieieeeeeceeseecsste e ees s eveveraseseseeessseeseeseenenen 38
7.6.1.2 Positioning Measurement Establishment Procedure................co.ooeueeeorneeoereeseseseeer oo eereseseesnenes 40
7.6.1.3 Location Calculation and Release Procedure ....................o.ooovoimiuiueieececiecee e seerereser e eeeeeseeen 40
7.6.2 MT-LR without HLR Query - applicable to North America Emergency Calls only....cooeeevveviiiieiieenn, 40
7.6.3 MT-LR for a previously obtained 10cation €StIMate..................o.cooevrreeeeeeeeeeeeeeesee oo e 41
7.6.3.1 INFHAL LOCAHION ...ttt ee s es s s et e s s s ee oo 41
7.6.32 CUITENE LOCALION. ...ttt et e e s et s s s e s e eeee e 42




(GSM 03.71 version 7.3.0 Release 1998) 5 ETSI TS 101 724 V7.3.0 (2000-02)

7.6.3.3 Last KNOWN LOCAIION ....ccuuiiiiiiiiiii ittt st sa e ee s eraeebt s e s e s e saeaseemaesassseneetasnestananase e 42
7.6.3.4 SeCUrtY ANd PrIVACY ..covocioiiiicec ettt et ettt b e n e bbbt et 42
7.6.3.5 Failing to locate the tarGEt MS..........o.iiiiiii e e se bbb neenen 42
7.6.3.5.1 Target MS is 'NOt REAChADBIE' ...ttt ea e srsteereenes 42
7.6.3.5.2 Target MS is 'DEtached ........ccovviiiiiiiiiiiieeee ettt et s b e bt eas s s e s anse e 42
7.6.3.53 Target MS is Reachable but Positioning Fails ............c.ccoooeiieiieiiiecccee e 43
7.6.3.5.4 Target MS is PUTZEA ...o.oiiiiiri et ettt et et e b e ssa e seeeas s esensesanbeesnens 43
7.6.4 Network Induced Location Request (NI-LR) .....ooiviiiiiiiiiieeeieiieeeeeees et et eeee et eteesre e ensen 43
7.6.4.1 Location Preparation ProCedUIe...........ccooiiiiiiiiiiiccce ettt 44
7.6.4.2 Positioning Measurement Establishment Procedure.................cocooveoviiiiciicinieeerecee et 44
7.6.43 Location Calculation and Release Procedure ..............c.ccoocociiiiimiieciinesee et 44
76.5 Network Induced Location Request {NI-LR) from a Serving BSC for a target MS in dedicated mode .... 45
7.6.5.1 Location Preparation ProCEAUIE...........cocooiiiiiiiiiiiie e ceeete et et ese v et avaess s emrnsassaanseaeaneeaneen 45
7.6.5.2 Positioning Measurement Establishment Procedure................oooioviieinerrcncir e ceeeees 45
7.6.5.3 Location Calculation and Release Procedure ...............oocvieiieriiececii e 46
7.6.6 Mobile Originating Location Request (IMO-LR).........ccc.ocooiiiiiiiieiie et 46
7.6.6.1 Location Preparation ProCeUIE...........c.coviiiiiiiiiiiis ettt 47
7.6.6.2 Positioning Measurement Establishment Procedure..............cccoceiiiiniiiicens 47
7.6.6.3 Location Calculation and Release Procedure ............co.ooooiiiiiieniirisc et seeeenen e 47
7.7 Common Procedures to SUPPOIt POSIHONINE ....c.vooiiiiiiiiiiie ettt ettt e e st ebee e seeenessnenee 48
7.7.1 Information Transfer between an NSS based SMLC and a Target MS.........ccoiiiiiciincnn 48
7.7.2 Information Transfer between a BSS based SMLC and a Target MS........cccooiiiiciiiicccicniiiis 49
7.7.3 Information Transfer between an NSS based SMLC and a BSC ..ot 50
7.7.4 Information Transfer between a BSS based SMLC and @a BSC......c.oooiiiiiiiiinicicccrirrenemeccnneie s 51
7.8 Common Procedures to Support Access to an LMU .........cooooiiiiiiiiieiieie et 51
7.8.1 Information Transfer between an NSS based SMLC and a Type A LMU ..o 52
7.8.1.1 Information Transfer using an SDCCH ...t e e er e saes s 52
7.8.12 Information Transfer using @ TCH ...c...cciciiiiiriiii ettt csee et et cbesr e et nseene s 53
7.8.2 Location Update Procedure between a BSS based SMLC and a Type A LMU ... 54
7.8.3 IMSI Detach Procedure between a BSS based SMLC and a Type A LMU ... 55
7.84 LCS Information Transfer between a BSS based SMLC and a Type A LMU ... 56
7.8.4.1 Information Transfer using an SDCCH ...........cviiiiiiiiiiieee sttt e en et sae s 56
7.8.4.2 Information Transfer using @ TCH ......cocoiiiiiiii ettt st st st s 57
7.8.5 Information Transfer between an NSS based SMLC and a Type BLMU ..o 58
7.8.6 Information Transfer between a BSS based SMLC and a Type B LMU ..o, 59
7.9 Common Control Procedures fOr LIMUS ...t en e st sran s 59
7.9.1 RESEE PTOCEAUIE ...veveeeie ittt ee s s e e oo e n s b e bbateebesaesbssbasanassans 60
7.9.2 Status QUETY ProCEAUIE ........coiiiiii ettt et et e s a b st e e 60
7.9.3 Status Update ProCeAUIE ............c.ooviiiiiii ettt e s 60
7.10 Common Procedures supporting Interaction between Peer SMLCS ......c.cccoicieiiniinniiiininiceeeveereeeeee 61
7.10.1 Information Transfer between Peer SMLCS.........vocoiiiiieiiieeee ettt s easee 61
7.11 EXCEPHON PrOCEAULES. ... ittt st sa s st a s st b e e sb s me s 62
7.11.1 Procedures In the SMLC ..o ettt sec e sae s sas e sab s n e s b s n s s e e res 62
7.11.2 Procedures in the VIMSC ... ..ot ettt s e s e e e esebeec s sas s eee e sres s et s be s atesarsseanr s 63
7.11.3 Procedures in an LIMU ...ttt e e e et e a s e s a e s bs e 63
7.11.4 Procedures in the BSC ... .o ettt rer e e s e e s s s ae bbb e ane 64
7.11.4.1 GENETAl PrOCEAUIES .. ... ce ettt s ettt re e e b s e rabesab e st e st e e e e sassanesabenassanseranens 64
7.11.4.2 Rejection of an SMLC Positioning REqUESt ... 64
7.1143 Interaction with Inter-BSC or Inter-MSC Handover ..........cccoceeieieeniiniiiiniicieic s 64
7.114.4 Interaction with Intra-BSC Handover and other RR Management Procedures ............cocoeeviininuennnn. 64
7.11.4.5 Priority of Handover and Other RR Management ProCedUIeS...............ovuveerenivnnmissminisnsessnssnssssees 64
7.114.6 Interaction with SEZMENTAION .........c.occoiiiiiiiiiiici ettt e seanan 65
7.11.4.7 OVEITOAA ...ttt et s s ettt et e st ettt e senesrssebesasasmementenensananentas 65
7.11.5 Procedures in the Target MS ...ttt et es st s sttt 65
7.11.6 Further Procedures for HANAOVET .........cc.oioiiiiiiiiicci ettt st sanesavnen 65
7.11.6.1 MSC procedure for Inter-MSC HandOVer .............c.cooouimoiiieieeee e ver s 65
7.11.6.2 Handling of an ongoing handover while a request for positioning arrives at MSC/VLR..................... 65
7.12 PLIVACY oo ettt eeees et e en e sttt et ettt e e s e et ne s ereete et rene 65
7.12.1 Privacy Override INAICator (POI) .......cooviiiioiiiiiieoeeee e ee e eeseseeeeeeesesereseteee s seos e ssses s 65
7.12.2 PrIVACY PrOCEAUIES ...ttt et ee s v s e ee s er e 66
7.123 MS PFIVACY OPUONS ...ttt et es s e s s e s 66
7.13 Mobile Originating LOCALION ..............ccccciiiiiiiiiiiiii et ee e e s 68




(GSM 03.71 version 7.3.0 Release 1998) 6 ETSI TS 101 724 v7.3.0 (2000-02)

7.14 CIM PIOCEAUIES ..ottt a e s ee et et b e s e v e sat e sat e e st e e ensate st eeneeemtereeesaeesas 68
7.14.1 Location request for a mobile in idle-mMoOde. ... e s er e eeer e 68
7.14.2 Location request for a mobile in dedicated-mode ................c.coooiiiiiieiiieeeeeeeeee e 68
7.15 Radio Interface TimiNgG ProCeAUIES ........c.ccccoiiiimiriiiiie ettt e et er e te et ettt st eseaeeassreeereeneas 68
7.15.1 LIMU FURNCHIOMS ...ttt ettt et sttt et ee et e saneeaveebe e s beabtesabesntseaseentesesesabesesnsnsesssenns 68
7.152 SMLC FUNCHOMNS ..ottt sttt s ee s ae e ee et s st e sttt an e s s s tssntesessestenesens 69
7.15.3 LMU=SMLOC INEEACTIONS .....oiviitiititieientteiee e e e e e ettt e e e s eresseestetesseatssbeesssstanseseneseseneossentosansesanns 69
8 TA Dased POSIIOMINE . .....coiiiiiciiiieii ettt eae e et et te et e te et s easeneeteereeressesessseseeseeaearens 70
8.1 DefINItIon OF TA SEALES.......cooiiiiiiir ittt ettt et ee et st ete sttt n s se s eaesaess s s et e s e s sbenssrans 70
8.1.1 IMS N IDLE SHALE ...c.veviiiiieieit e ettt ettt sttt ettt ae et st et etsen st eteete s saeeseasssssnsstoseessnbennansnsennin 70
8.1.2 MS in DEDICATED SEAE ......ooiiiiiiiiiiiiiestiiete e eeresae e e e et tees s snaste st e smeebesrsseneesesnsessensssaenseeneen 70
82 TA Positioning Procedure for an NSS based SMLC ...............cooooiiioecee ettt 71
83 TA Positioning Procedure for a BSS based SMLC..............oooiiiiiiiieeeeceeeeeeeeeeec e etesn e ene e 71
84 Unsuccessful TA positioning procedure in BSC.......c.....ooiiviiiiviooieee e 72
9 TOA DASEA POSIEIONINE ..ecniiietiicieiiiie ettt sirte e st s e ree e e esbeerre s s eeesssebesasasantssessrensessaseberassensserans 73
9.1 TOA PIOCEAUIES ....oiiiiiiiiiiiicie ettt e st e b et ee b bt s e st et et e st e be e et s e eaeebe st e e ese st s ebe s 73
9.1.1 Successful TOA Positioning Procedure for NSS based SMLC..........ccoooiiviiiiveiicciceeceec e 73
9.1.2 Successful TOA Positioning Procedure for BSS based SMLC ........c.ooooiviiiiiiiiicieece e 75
9.1.3 Successful TOA positioning procedure in BSC ...t eise et e a e 76
10 E-OTD and GPS Positioning Procedures ..............ccoveiiiiiiiiiiicriiees e seane b eenbesveenes 77
10.1 General PrOCEAUIES ......c..ooooiiii ittt et e e es e st e st e e b e e b eess e e b aenseenserereanennenns 77
10.2 Positioning for BSS based SMLC .....ccc.i ettt ettt s ts s v te e e re e enaesnesbasaeareens 77
10.3 Positioning for NSS based SIMLC ......ccoiiiiiiireniiiietcee et s st e meansanannenes 77
10.4 Assistance Data Delivery from BSS based SMLC ........c..oooiiiiii ittt ree e ssseneereensaeveean 79
10.5 Assistance Data Delivery from NSS based SMLC .........ccooviiiiioer et er e ereennans 79
10.6 Error Handling for E-OTD and GPS...........ooiiiiiiiiirrnerere et erises st te e sse s nis s s e e s sesensonss 80
10.6.1 NSES DASEA SIMLIC ..ottt et e e s cae e e et e e eeae s et e eatateeasessbesatasesabes sessaensnsasassssasssnaassensnsesen 81
10.6.2 BSS Based SMLC ...ttt e s vt e er et en e b e s e et b et e e s eesnsasneesnsensaneevaeesanerasarnees 82
10.7 Broadcast OF ASSISTANCE DATA ...ttt et e et ettt sa s etasan s ebnsnrebess 82
10.7.1 Point-To-Multipoint Assistance Data Broadcast FIOW .............coooeiiiiininiiee et e 83
10.7.2 CHAPRETING ...t et ettt et e s e s e sacsane e s esee e et saetesneesmeesasesaeanaresabesnesanenanenseens 84
10.7.3 ALBOTIIIT ..ottt ee e e s e s s e s d e e bt e s ee sbea e em e e sm s et e s sarateamete st amsnansesenesaresanens 84
10.7.4 Deciphering key control and delivery t0 MS.......ccoouiiiiiiiie et e e 85
11 Position calculation fUnCIONAIILY ..cccvvieeiiiiiee ettt et e e e s aae s en e eers e 87
11.1 7 N OSSO U PO O SO O SO RO RSO SO TS POT YR UUUUR USRI R PR 87
11.2 Time Of Arrival (TOA) Positioning MeChaniSIM ................ccooviiiiieeiersieriiieiees e eerrsneesesresaessesnsesesseenns 87
11.3 Enhanced Observed Time Difference (E-OTD).....ccoiiiiiiiiiiiiice ettt nreeeres e re s e s s seasasnee e 87
11.4 Global Positioning System (GPS) positioning MechaniSm .............cccvveeveiveecrienierreieseiereeseemeesesesseseresseenens 87
12 INTOIMALION SEOTAZE....c.viieeuieriteeentisirete e teeeriesteate e s sta b teaseassaeesseasesecereaeessesenssescemtbeesseseasessasssssasassan 88
12.1 HLER oottt ettt et et et e et e et ekt e et ek e e st estaes s taan b e nsassensasteatemEebeenbebesheke et et e st b e ke e be e b e nreenesanenenanente 88
12.2 VA B S O SO U PO ST PP ST AR TN 90
12.3 (€2, | I O OO OO SO OO OO OO OO PO 90
12.4 SIMLC .ottt b bt h et be s £ e R e e e ea £ e e £ g sRe R nhehe bRt ea e R b e s e sttt e et b na sh e e s et e nenens 91
12.5 Recovery and Restoration ProCEAUIES ........c..ocoriiiiiiiiiie et e ne e et she s snes 93




(3SM 03.71 version 7.3.0 Release 1998) 7 ETSI TS 101 724 V7.3.0 (2000-02)
13 Operational ASPECES .....cuioiecuericriniiiiie ittt et tr e reb e e sveev b s e e sre e st et e eseessaansestesabesrtes sbeesasabssnserantessans 93
Annex A (Informative): Examples of MT-LRu....iiieronericsisrensunensisscssisssssssssssssssssssesessesssssonces 95
AT PLIMN ROIES .ottt ettt sttt e sttt e e be s eareeestseenneessaeeenbeasbesbeenses 95
A.2 Non-Call Related MT-LR .....ccooiiioiiiiiiiiinrieeeeceee ettt ettt sttt st n et e e nssaeseenens 95
A3 Call Related MT-LR ..ot e e s aa ettt e s tb e s aae s te e baesbeseabsseensesssnesssassenseens 96
Annex B (Informative): Description of TOA ......icicniicenvenincnininsssscscsiinmnsssissesssesessens 98
Annex C (informative): Description of E-OTD..............c........ 99
C.1 BaSIC COMCEPLS. c.eueeeurtiteitenriieer e e aee st e et eetess st e et e e eatas e fesseseeesesesat et ensen s easensensessa et e enneessanennreneebenessenns 99
C.2  Position Calculation TYPES ...ccccoiiiei it et e e ettt e s b e et eesbe e sstne s sassassreesmeeseesbeeane 99
C.3  Implementation ISSUES .......ccooiiimeriii ittt e e e eses sttt e e ae s e s s annenaes 101
Annex D (informative): Description Of Assisted GPS 102
D1 ASSISEEA=GPS ..ottt ettt et e et et b et e et e et et et st et e e neearAaeerateeereeentenaeeenean 104
D2 MS-ASSIStEd GPS ..o s ettt e st s ee et e re et eas 105
D3 MS-Based GPS ...ttt ettt et r et et s et s e e earaesebenenseaean 105
D4 REFEIEICES. ... c.eiiieiieiee ittt e ae et ese s e s e b et st e be e s e sae s st e ne e s es e e nsensenaanecreeseanans 105
Annex E (informative): Change HiStOry......cccovmienvnrrcaconserssnsssssssnscas 106
HISEOIY ettt ettt et e e st e e e st e eks e e she e eat e he e st e e he e sbe et e e e be e eet e e et e e b e e et eeenieaan 107




Wireless Week: [ssues Net: Omnipoi...eks GSM Location Market (08/09/99) http://www.wirelessweek.com/news/e911/in89.htm

Wireless_.

$ran

From the August 9, 1999 issue of Wireless Week

Omnipoint Seeks GSM Location Market

By Peggy Albright

Long before the U.S. global system for mobile communications operator Omnipoint Communications
Services was born, an earlier offspring of the parent company was busy in Colorado Springs, Colo.,
developing wireless network equipment and helping evaluate technology strategies for U.S. operators.

That older sibling, now a wholly owned subsidiary of Omnipoint Corp, called Omnipoint Technologies,
Inc., is lesser known than the GSM carrier today. In at least one respect, however, it is seeking to
develop a larger reach.

"We want people to know that we're a technology company," said Gregg Davis, a product manager at
OTI. While OTI functions in part to meet the needs of its parent company, the subsidiary is pursuing its
own product line with a technology focus that it believes could compete in a larger market: location
services for GSM operators, both here and abroad.

The development of location technologies in this country is driven by the FCC's mandate that operators
provide capability to identify the location of a call to within 400 feet of its origin at least two-thirds of
the time, by Oct. 1, 2001. Value-added services such as traffic reports, concierge services or
identification of nearby restaurants based on a mobile customer's actual location in real time will be
introduced by operators seeking to create additional revenue streams that use the technologies developed
for 911.

But in GSM-dominated Europe, OTI expects general demand for wireless data-not 911 per se-will be a
key driver for deployment of location-based services. And GSM carriers will be looking to the United
States for recommendations, through the European Telecommunications Standards Institute, on how to
deploy the technology.

"ETSI has realized now on several fronts that the United States might be further ahead in a particular
area,” said Bo Piekarski, senior director for strategic business initiatives at OTI. "They defer to the
United States and then allow the United States to make a recommendation to ETSI that might be
accepted by the broader community worldwide."

Three location standards have been developed for offering location services on GSM networks. The first
is an uplink-based time difference of arrival system that is network centric and does not need any
changes to handset technologies and thus will work on all legacy handsets. For such systems, OTI is
working with Ericsson Inc. to develop a location measurement unit that can be installed at cell sites to
provide the triangulation from other sites to identify the origin of the call. While OTI is working jointly
with Ericsson on this product line, the equipment will work on location systems provided by Ericsson
and other infrastructure vendors. Initially designed to work in the North American 1900 MHz systems,
the products will also function at both 900 MHz and 1800 MHz to reach European GSM markets.

A second approach, a downlink standard called "enhanced observed time difference," is mobile centric
and requires development of special handset technologies as well as some network enhancements. For
GSM carriers seeking handset-based operating strategies, OTI also is developing location measurement
units that would be used on E-OTD systems as well.

The third location standard for GSM, use of assisted global positioning system technologies, is an area
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that OTI is currently investigating.

Given the diversity of deployment scenarios in the United States and abroad, OTI believes it will be able
to offer products for either TDOA or OTD options, and it aims to partner with other providers in
developing comprehensive solutions.

"What we want to do is make the installation of the units and how they're used by the operators as
generic as possible," Piekarski said.

The company intends to develop equipment that will help keep costs down, is simple to install and
maintain and could work within a carrier's larger operations and maintenance programs.
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Meeting the E911 challenge — and the location services
opportunity

The choices you make today to get ready for E911 will have significant ramifications in
customer satisfaction, legal liability, privacy, costs and the ability to offer value-added
location services in the long term. To make the challenge even more interesting, there
are a variety of competing technologies available now with more still in development,
and the FCC has yet to resolve some key issues related to both technology and cost
recovery.

Two things are clear, though: a thorough examination of the technical possibilities and
an agile approach to implementation are the safest ways to proceed. And no matter
which path you choose, an experienced technical partner can help guide the way.

How Omnipoint can help

Whether you're a network operator, service provider or equipment supplier, Omnipoint Technologies can help you make
the transition to the location-based services market:

» Systems consulting and engineering. Every iocation technology option involves some significant
engineering decisions. In addition to choosing between network-centric and mobile-centric location
methods, for instance, you also have to decide which of several possible network architectures makes
the most sense for you. We've been involved in wireless network design and integration for more than a
decade, including some of the pioneering GSM instaliations in North America. Moreover, we are actively
involved in the development of both GSM and LCS standards, so our engineering team lives on the
leading edge of all the relevant technologies.

« LMUs for GSM systems. Our first location measurement unit, the heart of most location determination
system architectures, is based on the uplink-time of arrival method (the first multiple location technology
to be standardized for GSM networks). This solution meets all the demands of Phase 2 of the FCC's
regulatory requirements for implementation by October 2001.

Time stsmped TCA
information is transmitted
to the network

Time of arrival
information is
collsctad by ths LMU

« Location technology for OEM applications. The measurement and computation technologies we're
developing for location services can also be adapted for OEM applications. Discuss your application with
our location specialists, and we'll help you plan the best way to add location capabilities to your products

or systems.

Please request a free copy of our E911/LCS brochure, which explains the various technical challenges and measurement
and computation solutions involved in mobile Tocation services.

For further information contact Info@omnipoint.com, If there is a problem with our site please contact the
webmaster@omnipoint.com
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